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PROCEDURES, RESULTS AND DISCUSSION : Two materials were studied. Estane

5702 manufactured by BF Goodrich Company . The static glass transition temperature (Tg)

of Estane is -31°C, a melting temperature of -105°C . The second material, plasticized

Estane, consists of 49% Estane 5703, 49% BDNPA-F Nitroplasticizer,and 2% Irgonox . The

addition of the plasticizer (1) lowers the static glass transition temperature to - -40°C ; (2)
causes the polymer strength to decrease, but the toughness and flexibility are increased, and
(3) acts as a'lubricant' to promote the slidingof the polymer chains, and to reduce the degree

of entanglement . Cylindrical compression specimens were machined following published
procedures (Blumenthal [ 1999]) .

The compressive stress-strain response of the binders was found to be strongly
dependent on strain rate and temperature (Fig . 1) . The apparent loading modulus, defined as
the slope of the stress-strain curve prior to "plastic", unrecoverable deformation, of Estane

at 23 °C increased from -3 MPa at 0 .001 s-1 to -21 MPa at 2400 s1 . The loading modulus

increased to 6 .5 MPa at -3°C, 65 MPa at -30°C, and 577 MPa at -40°C for a strain rate
0.00 1 s-1 . The modulus of plasticized Estane at 23°C changed from -0 .46 MPa at 0.00 1 s-1

-3 .27 MPa at 2200 s-1 . The addition of plasticizer lowers the Tg and decreases the strength
of Estane. In order to compare the two materials lower temperature tests were conducted .
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Fig. 1 . Stress-strain properties of the binders as a function of temperature and strain rate .

The apparent loading modulus was 1 .24 MPa at -15°C, 4 .36 MPa at -40°C, and 366 MPa
at -50°C for a strain rate of 0 .001 s1 . Reducing the temperature through the apparent Tg of
--40°C produced almost 2 orders of magnitude change in the apparent loading modulus for
plasticized Estane, twice the value seen in the Estane . There is a sharp transition from visco-
elastic to elastic-plastic behavior near the apparent Tg (Fig . 2) . Tg shifts by -10°C as the
strain rate increased from 0 .001 s 1 to 1 s1 further increase to 2200 scaused a - 25 ° C shift
for Estane and- 15°C shift for plasticized Estane . Low Strain rate testing showed the yield
strain consistently exceeded of 5% strain . (The SHPB technique is not valid for determining
yield properties (Gray [2000])) . Obviously, the addition of plasticizer affects the material
behavior significantly above Tg . The mechanical responses above Tg were reproducible, but

replicating tests near or below Tg was much more problematic . The pronounced influence of
strain rate and temperature on these materials is similarly observed in other ductile polymers .
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Fig. 2 . Stress versus Temperature showing the shift in glass transition .
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CONCLUSIONS : The following results for the binders can be drawn : 1) changing the
temperature or strain rate effects the flow strength, the apparent loading modulus, and the
strain-at-maximum-stress ; 2) scatter near or below Tg was more pronounced due to the high
temperature sensitivity of the materials . Processing variability and chain orientation could

also cause scatter at low temperatures due to the reduced chain mobility ; 3) increasing the
strain rate clearly increases the apparent glass transition temperature in a nonlinear manner .
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